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TIOJIATOK A

Jlictunr A.1 — VHDL-Moznens koaepa

library IEEE;

use IEEE.STD LOGIC 1164.all;
use leee.numeric std.all;

use STD.textio.all;

use leee.std logic textio.all;

—-— Custom package
library xil defaultlib;

use xil defaultlib.f files encoder.all;
entity encoder is

generic (
InfowordLength : integer := 64;
CodewordLength : integer := 128
) ;
port (
input data : in std logic vector (0 to InfowordLength -
1)
input clk : in std logic;
clk not : in std logic;
output data : out std logic vector (0 to CodewordLength -
1)
valid : out std logic

) ;

end encoder;

architecture encoder bh of encoder is

——————————— Components ———-—-—-———————————————————————————————
component shift register is
generic(
WIDTH : integer := 64
)
port (

clk : in STD LOGIC;
load : in STD LOGIC;
load vector : in STD LOGIC VECTOR (0 to WIDTH - 1);
en : in std logic;
Output : out STD LOGIC VECTOR(0O to WIDTH - 1)
);

end component shift register;

component BUFG

port(I: in STD LOGIC; O: out STD LOGIC);
end component;



——————————— constants --------------———"""—"—"—"""""""""7————
constant m : integer := (CodewordLength - InfowordLength) /
4;
-- 16
——————————— Shift memory ----———--------------
signal shift load vector : STD LOGIC VECTOR(0 tom * 4 - 1);
signal shift output : STD _LOGIC VECTOR(0 tom * 4 - 1);
signal shift en : std logic := '0'";
signal shift load : std logic := '0";
——————————— States - --——————-——-""-""""""""""""""——
type STATES is (STATE Wait, STATE Load mem, STATE Shifting);
signal state: STATES := STATE Wait;
——————————— Output temp ---——————"—"—"—"—"—"—"—————— - ———————
signal output t : std logic vector (0 to m * 4 - 1) :=
(others => '0");
signal i1 : integer := 0; -- 0 to 3
signal j : integer := 0; -— 0 to 63
signal iteration : integer := 0;
signal input : std logic vector (0 to InfowordLength - 1);
--signal shift output : std logic vector (0 to 64 - 1) :=
(others => '0");
signal clk : std logic;
begin

shift memory: shift register generic map (CodewordLength -
InfowordLength)
port map(clk, shift load, shift load vector, shift en,
shift output);
BUFG mark : BUFG port map(clk not, clk);

process (clk)
begin
if rising edge(clk) then
case (state) 1is

when STATE Wait =>

if (input clk = 'l') then
valid <= '0"';
input <= input data;
-- Loading shift memory --
for i in 1 to 4 loop

shift output ((i-1)*m to i*m - 1) <= rowl (i*m
- 1) & rowl((i-1)*m to i*m - 1 -
1)
end loop;
shift load <= 'l1'; -- Control signal for load
shift

memory



iteration

operations

iteration
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if (input data(0) = 'l') then -- Adding process,
wher (i-1)*m + j - 1 is number of

output t <= rowl;

shift output ((i-

1)

else
output t <= (others => '0");
end if;
iteration <= 1;
i <= 0;
J <= 1;
state <= STATE Shifting;
else
end if;
when STATE Shifting => -- 512 shifts of shift memory
and 512 sum
shift load <= '0'; -- Control signal for load shift
memory
shift en <= '1";
if (input(iteration) = 'l1l') then -- Adding process,
wher (i-1)*m + 3 - 1 is number of
output t <= output t xor shift output;
else
end if;
for i in 1 to 4 loop
shift output ((i-1)*m to 1i*m - 1) <=
shift output(i*m - 1) &
1)*m to i*m - 1 -

end loop;

shift shift <= not shift shift;
iteration <= iteration + 1;
J <= j+1;

= m - 1) then
i = 3) then
i <= 0;
iteration <= 0;
valid <= '1"';
output data <= input & output t;
shift en <= '0';
state <= STATE Wait;
else
state <= STATE Load mem;
i <=1i+ 1;
J <= 1;
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end 1if;
end if;

when STATE Load mem => -- 8 loads of shift memory
if(i = 1) then
for 1 in 1 to 4 loop

shift output ((i-1)*m to 41i*m - 1) <=
rowl7(i*m - 1) & rowl7((i-1)*m to
i*m
_l_
1)
end loop;
if (input (iteration) = '1') then
output t <= output t xor rowl7;
end if;
elsif (i = 2) then
for i in 1 to 4 loop
shift output ((i-1)*m to i*m - 1) <=
row33(i*m - 1) & row33((i-1)*m to i*m
_l_
1)
end loop;
if (input (iteration) = '1') then
output t <= output t xor row33;
end if;
elsif (i = 3) then
for i in 1 to 4 loop
shift output ((i-1)*m to i*m - 1) <=
rowd9 (i*m - 1) & rowd9((i-1)*m to i*m
_l_
1)
end loop;
if (input (iteration) = '1') then
output t <= output t xor row4d9;
end if;
else
end if;

shift load <= '1';
shift en <= '0';

iteration <= iteration + 1;
state <= STATE Shifting;



when others =>
state <= STATE Wait;
end case;
end if;
end process;
end encoder bh;
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JIOJIATOK B

Jlictuar b.1 — VHDL-Moenp aliroputMy 1€KO1yBaHHS

library IEEE;
use IEEE.STD LOGIC 1164.ALL;

library xil defaultlib;
use xil defaultlib.records pkg.all;

entity algorithm is
Port ( counts : in STD LOGIC TH ARRAY (0 to 128 - 1);
clk : in STD LOGIC;
mem set : std logic;
rst : std logic;
output : out STD LOGIC VECTOR (0 to 127));
end algorithm;

architecture Behavioral of algorithm is
——————————— States

type STATES is (STATE Wait, STATE Processing);

signal state: STATES := STATE Wait;

signal in index : integer;

signal in value : std logic vector (0 to 2);

signal it : integer;

constant NumberOfVariableNodes : integer := 64;
begin

process (clk, rst)
begin
if(rst = '1') then
state <= STATE Wait;

elsif (rising edge(clk)) then
case (state) 1is

when STATE Wait =>
if (mem set = 'l') then
state <= STATE Processing;
in index <= 0;
in value <= counts(0);
it <= 1;
end if;

when STATE Processing =>
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counts (it) (1) =
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> in value (1))

in value (1)
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if (it = NumberOfVariableNodes) then
if (in value /= "000") then
output <= (others => '0'");
output (in_ index) <= 'l1';
end 1f;
state <= STATE Wait;
else
if ((counts(it) (2) > in value(2)) or
(counts (it) (2) = in value(2) and
or
(counts (it) (2) = in value(2) and

and counts (it) (0) > 1in value(0)))
in index <= 1it;
in value <= counts(it);
end if;
it <= it + 1;
end if;

when others =>

state <= STATE Wait;

end case;

end if;
end process;

end Behavioral;

Jlictunar b.2 — VHDL-monens moaymio logic_module

library IEEE;

use IEEE.STD LOGIC 1164.all;

library xil defaultlib;

use xil defaultlib.records pkg.all;
use xil defaultlib.f files.all;

entity logic module 1is
port (
decoded
all zero
counts
) ;

end logic _module;

in std logic vector (0 to 127);

out std logic;
out STD LOGIC TH ARRAY (0 to 127)
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architecture logic module of logic module is

constant ParityMatrixSizeM : integer := 64;
constant ParityMatrixSizeN : integer := 128;
signal syndrome : std logic vector (0 to ParityMatrixSizeM -
1)
component counter of signals is
port (
a : in STD LOGIC VECTOR(5 downto 0);
b : out STD LOGIC VECTOR (2 downto 0)
) ;
end component;
component unary inv OR IS
generic (
N: integer := 64
) ;
port (
inp: in std logic vector (N-1 downto O0);
outp: out std logic);
end component;
-—constant path : string := "FBParity 4096.txt";
--constant graph inst : graph := my ram init (path);
begin
Prepare syndroms : for 1 1in 0 to ParityMatrixSizeM - 1
generate
Pl: if (f file refactored(child nodes + i*node +
node size) = 1 ) generate -
graph inst.child node array inst(i).size = 1) generate
syndrome (1) <=
decoded (f file refactored(child nodes + i*node + index0) - 1);
end generate;
P2: if (f file refactored(child nodes + 1i*node +
node size) = 2) generate
syndrome (1) <=
decoded (f file refactored(child nodes + 1i*node + 1index0) - 1)
XOor
decoded (f file refactored(child nodes + i*node + indexl) - 1);
end generate;
P3: if (f file refactored(child nodes + i*node +
node size) = 3) generate
syndrome (1) <=
decoded (f file refactored(child nodes + i*node + index0) - 1)
XOor

decoded (f file refactored(child nodes + 1i*node + indexl) -
1) xor
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decoded (f file refactored(child nodes + i*node + index2) -

1)
end generate;
P4: if (f file refactored(child nodes + i*node +
node size) = 4) generate
syndrome (1) <=
decoded (f file refactored(child nodes + i*node + 1index0) - 1)
XOr

decoded (f file refactored(child nodes + 1i*node + indexl) -
1) xor

decoded (f file refactored(child nodes + 1i*node + index2) -
1) xor

decoded (f file refactored(child nodes + 1i*node + index3) -

1);
end generate;
P5: if (f file refactored(child nodes + i*node +
node size) = 5) generate
syndrome (1) <=
decoded (f file refactored(child nodes + 1i*node + index0) - 1)
XOr

decoded (f file refactored(child nodes + 1i*node + indexl)
1) xor

decoded (f file refactored(child nodes + 1i*node + index2)
1) xor

decoded (f file refactored(child nodes + 1i*node + index3)
1) xor

decoded (f file refactored(child nodes + 1i*node + index4)

1)7
end generate;
Po: 1if (f file refactored(child nodes + 1i*node +
node size) = 6) generate
syndrome (1) <=
decoded (f file refactored(child nodes + i*node + 1index0) - 1)
XOT
decoded (f file refactored(child node
s + i*node + indexl) - 1) xor
decoded (f file refactored(child node
s + i*node + index2) - 1) xor
decoded (f file refactored(child node
s + i*node + index3) - 1) xor

decoded (f file refactored(child node
s + i*node + index4) - 1) xor
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decoded (f file refactored(child node
s + i*node + index5) - 1);
end generate;

P7: 1if (f file refactored(child nodes + 1i*node +
node size) = 7) generate
syndrome (1) <=
decoded (f file refactored(child nodes + i*node + 1index0) - 1)
XOT
decoded (f file refactored(child node
s + i*node + indexl) - 1) xor
decoded (f file refactored(child node
S + i*node + index2) - 1) xor
decoded (f file refactored(child node
s + i*node + index3) - 1) xor
decoded (f file refactored(child node
s + i*node + index4) - 1) xor
decoded (f file refactored(child node
S + i*node + indexb5) - 1) xor
decoded (f file refactored(child node
s + i*node + indexo6) - 1);
end generate;
P8: if (f file refactored(child nodes + i*node +
node size) = 8) generate
syndrome (1) <=
decoded (f file refactored(child nodes + i*node + 1index0) - 1)
XOr
decoded (f file refactored(child node
s + i*node + indexl) - 1) xor
decoded (f file refactored(child node
s + i*node + index2) - 1) xor
decoded (f file refactored(child node
S + i*node + index3) - 1) xor
decoded (f file refactored(child node
s + i*node + index4) - 1) xor
decoded (f file refactored(child node
s + i*node + index5) - 1) xor
decoded (f file refactored(child node
S + i*node + index6) - 1) xor
decoded (f file refactored(child node
s + i*node + index7) - 1);
end generate;
end generate;
Count syndroms failures: for i1 in 0 to ParityMatrixSizeN - 1
generate
Ll: if (f file refactored(parent nodes + 1i*node +
node size) = 1) generate
UO0: counter of signals port map (
a(0) => syndrome(f file refactored(parent nodes +
i*node + index0) - 1),

a(5 downto 1) => (others => '0"'),
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b => counts(i));
end generate L1;

L2: 1if (f file refactored(parent nodes + 1i*node
node size) = 2) generate
UO: counter of signals port map (
a(0) => syndrome(f file refactored(parent nodes
i*node + index0) - 1),
a(l) => syndrome (f file refactored(parent nodes
i*node + indexl) - 1),

a(5 downto 2) => (others => '0"'),
b => counts(i));
end generate L2;

L3: if (f file refactored(parent nodes + 1i*node

node size) = 3) generate

UO: counter of signals port map (

a(0) => syndrome (f file refactored(parent nodes
i*node + index0) - 1),

a(l) => syndrome (f file refactored(parent nodes
i*node + indexl) - 1),

a(2) => syndrome (f file refactored(parent nodes
i*node + index2) - 1),

a(5 downto 3) => (others => '0"),
b => counts(i));
end generate L3;

L4: if (f file refactored(parent nodes + 1i*node

node size) = 4) generate

UO: counter of signals port map (

a(0) => syndrome(f file refactored(parent nodes
i*node index0) - 1),

a(l) => syndrome (f file refactored(parent nodes
i*node index1l) - 1),

a(2) => syndrome (f file refactored(parent nodes
i*node index2) - 1),

a(3) => syndrome (f file refactored(parent nodes
i*node index3) - 1),

a(5 downto 4) => (others => '0"'),
b => counts(i));
end generate L4;

L5: if (f file refactored(parent nodes + 1i*node

node size) = 5) generate

UO: counter of signals port map (

a(0) => syndrome(f file refactored(parent nodes
i*node + index0) - 1),

a(l) => syndrome (f file refactored(parent nodes
i*node + indexl) - 1),

a(2) => syndrome (f file refactored(parent nodes
i*node + index2) - 1),

a(3) => syndrome (f file refactored(parent nodes
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i*node + index3) - 1),
a(4) => syndrome(f file refactored(parent nodes +
i*node + index4) - 1),

a(b) =>'0",
b => counts(i));
end generate L5;

end generate;

all zero mark: unary inv OR generic map (ParityMatrixSizeM)
port map (syndrome, all zero);

end logic module;

Jlictunr b.3 — VHDL-monens nexkoaepa

-— m check nodes
-—- n code/variable nodes

library IEEE;
use IEEE.STD LOGIC 1164.all;
use leee.numeric std.all;
use STD.textio.all;
use leee.std logic textio.all;

-- Custom package with

library xil defaultlib;
use xil defaultlib.records pkg.all;

entity decoder is

generic(

InfowordLength : integer := 64; -
Length of infoword in codeword received from line

CodewordLength : integer := 128; -
Length of codeword received from line

MaxIterations : integer := 50;
—-— Maximum amount of decoding iterations

NumberOfVariableNodes : integer := 128; -

Maximum of number of variable nodes
—-— Change it in package!!!!
NumberOfCheckNodes : integer := 64 -
Maximum of number of check nodes
—-— Change it in package!!!!

)7

port (
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input : in std logic vector (0 to
CodewordLength - 1);

input clk : in std logic;

clk not bfg : in std logic;

rst : in std logic;

output : out std logic vector (0 to
InfowordLength - 1);

IsvValid : out std logic;

waiting : out std logic;

FinalNumIterations : out integer

) ;

end decoder;

architecture decoder bh of decoder is

——————————— Cmponents

component logic module is

port (
decoded : in std logic vector (0 to 128 - 1);
all zero : out std logic;
counts : out STD LOGIC TH ARRAY (0 to 128 - 1)

);

end component logic module;

component BUFG
port(I: in STD LOGIC; O: out STD LOGIC);
end component;

component decoded memory is
Port ( input : in STD LOGIC VECTOR (0 to 127);
set : in STD LOGIC;
reset : in STD LOGIC;
output : out STD LOGIC VECTOR (0 to 127));
end component decoded memory;

component xor module is
Port ( xorl : in STD LOGIC VECTOR (0 to 127);
xor2 : in STD LOGIC VECTOR (0 to 127);
xor out : out STD LOGIC VECTOR (0 to 127));
end component xor module;
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component algorithm is
Port (
counts : in STD LOGIC TH ARRAY (0 to 128 -

clk : in STD LOGIC;

mem set : std logic;

rst : std logic;

output : out STD LOGIC VECTOR (0 to 127));
end component algorithm;

type STATES is (STATE Wait, STATE Check, STATE Dell);
signal state: STATES := STATE Wait;

signal decoded input, decoded output
std logic vector (0 to 127);

signal decoded set, decoded reset : std logic;
——————————— Internal temps
signal FinalNumlIterations tmp : integer := 0;

signal counts : STD LOGIC TH ARRAY (0 to 128 - 1);
signal all zero : std logic := '0';

signal clk : std logic;

signal xorl: std logic vector (0 to 127);

signal new decoded : std logic vector (0 to 127);
signal dell iter : integer := 0;

signal algo start : std logic := '0';

begin
-—-buggmark: BUFG port map (clk not bfg, clk);
clk <= clk not bfg;
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Logic _module mark: logic module port map
(decoded output, all zero, counts);
Algo: algorithm port map (counts, clk, algo start, rst,

xorl) ;
Xormodule: xor module port map (xorl, decoded output,

new decoded) ;
Memory: decoded memory port map (input => decoded input,
set => decoded set, reset => rst, output => decoded output);

IsValid <= all zero;
waiting <= 'l' when (state = STATE Wait) else '0';

process (clk, rst)
begin
if (rst = '1l') then
decoded set <= '0';

elsif (rising edge(clk)) then
case (state) is

when STATE Wait =>
if (input clk = 'l') then
state <= STATE Check;
decoded input <= input;
decoded set <= '1"';
end 1f;

when STATE Check =>

FOUND
decoded set <= '0"';
if (all zero = '0'") then
algo start <= '1'";
state <= STATE Dell;
else
output <= decoded output (0 to
63);

FinalNumIterations <=
FinalNumIterations tmp;
state <= STATE Wait;
end 1if;

when STATE Dell =>
if (dell iter = 65) then
dell iter <= 0;
decoded input <= new decoded;
decoded set <= '1"';



end
end if;

end process;
end decoder Dbh;

algo start <= '0';

state <= STATE Check;
else

dell iter <= dell iter + 1;
end 1if;

when others =>
state <= STATE Wait;
case;
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JIOJIATOK T

XApPKIBCbKUA HALLIOHAABHWIM YHIBEPCUTET POAIOEAEKTPOHIKM

BakyaLTET Komn' oTepHOI IHXKeHe DIl Ta YNpaBAIHHS
Kadoeapa ABTOMATMIGLLT NP OEKTYBOHHA 0B4YMCAKOBOABHOT TEXHIKM

ATectauiMHa poboTta

MoaAeAi Ta METOAM NPOEKTYBAHHSA 3ABAAOCTIMKMX
cuctem 6e3ApOTOBOI NepeAaydi AGHUX 3
BUKOpMCTAHHAM MAIC

BukoHas: KepieHuk:
CTyAEHT rp. CKCm-19-1 Ao, kadp ANOT
CeprieHko Baaamcaas dininneHko |.B.

AKTYQABHICTb TEMATUKHU
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O6'exT AocAlAKeHHA: 3aBOACCTIHKI cHcTem Be3ApoToBO! NepeacHi AQHKX.

MNpeameT AocAlaXeHHA: MeToAM NOBYAOBKM 3QBOAOCTIMKMX CHCTEM BE3ADOTOBOI
nepeAqyi AGHMX, LLUASXOM 3CCTOCYBAHHA GAOKOBOrO KOAYBOHHA 3 BUKOPMCTOHHAM
NAIC.

MeTa AocalaxeHHs: poipobuti IP Core NpUCTPOD KOAEKY 3QBOAOCTIHKO!
cucTemM nepeaadl aaHmx Ha MNAIC.
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PesyAbTaTtn pobotu |
(1) MaTeMaTH4Ha MOAEAb PAAIOAIHII

Pe3yAbTaTH po60oTH
(2) NopiBHAHHSA rpadikiB

Mpadbik 30AEXHOCT IMOBIDHOCTI lpadpbik 3asexHOCT imosipHocTi Bitosol
BITOBOI NOMMAKK NPK 3TOPTKOBOMY nommaki Npr LDPC koAyBaHHI
KOAYBOHHI
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PesyAbTaTtn pobotu
(3) AArOpUTM KOAYBAHHSA ACHMUX

2MI/m = 8 shift regesters, reloaded with circulant patlerns once per m rotations
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PesyAbTaTt poboTtu
(4) Cxema po3pobAeHOro Aekoaepa

L Algorithm 7

—1

Decoded =
——i
-




86

PesyAbTaTH pO6OTH
(5) Npouec Bepidikaui

-
R G S R )
]

ARG AR OO AR

I e ——T £
W Y W e L0 3

k- i i
gy | :
e et e T T A A Tt b e A B B R B T T R 1 5 g e g g D Pt B By sy Tl e D B 1

e

CLaliniD

e L e A L e LA U LR WL
1 SRR I e |
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(6) NpoBeAeHi AIArHOCTHU4HI eKCNepUuMeHTH
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'HaykoBa HOBM3HG

OTpHMAHO NOAQALLLIMIA PO3BMTOK AAropuTmy LDPC-koAYBOHHA AAR peaAiaLil
Horo Ha MAIC, 30 paxyHOK BUKOPHMCTAOHHA 3CYBHMX PEriCTRIB, CYMOTORIB TC
KEepYIOHOro asTomara.

PospobaeHo aaropurm 1a cxemm LDPC-aexkoaepa Ha MAIC 3 BUKOPUCTOHHAM
3CYBHMX PETICTPIB, CYMATOPIB, BUKOHYIOHOTO QBTOMATA TA KEPYIOYOro aBTOMATA,
AKMH CHHXPOHI3ye poboty Backis npucTpoio.
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MpaKTU4HA 3HAYUMICTb

Po3spoBaeHi MoOAYAI MOXYTE BYTH BUKOPHCTAHI AAA DECARALLT 30BAAOCTIMKOrO
LDPC koaysaHH: iHCpopMALLi B BMCOKOLLUBMAKICHMX CHMCTEMAX NepeAaH AQHMX, a
CAME BIASOACHMX i3 CYNYTHHKIB, ApoHiB, BesniroTHUKIE. PeayasTati pobGoti moxHa
BMKOPMWCTOBYBOTH K TOTOBI MOAYAI NPK po3pobL pisHOMAHITHMX NPUCTDOIB, B AKMX
BMKOPMWCTOBYETLCA 30BOAOCTIHKE KOAYBOHHA, HO NPHKACA B PAAIOAIHI 38'43Ky 3
KOCMIMHMMM anaparami. Lle Age MOXKAMBICTE 3MEHLLIMTA HOCOBI BUTRATH,
MIABMLLIMTI AKICTb NPOEKTY B LLIAOMY | GBTOMOTH3YBATH NPOLEC NPOEKTYBOHHA
HOBMX CHCTEM.

My6Aikais pe3yAbTaTis po6oTH

Peayastami pobot onyBAikoBaHO:

PiaineHko |.B, Cuctesa 3aB0ACCTIMKOIO KoAYBOHHS AaHMx Ha MAIC [ 1.B.
PiaineHko, E.M. K\jﬂdh B.l. Ceprietiko // PaaioeaekTpoHika Ta iHdbopmaTika. —
2019. = Ne 4[8?_! C. 44-51. (HaykoBui xypHaA Nepeaiky BAK)

CeprieHko B.l. Peaaizauis aaroputsmy LDPC koaysaHHs 3a acnomoroto NMAMC /B,
CepricHko // Teau aonosial 23-ro MbKHOPOAHOIO MOAOADKHOrO chopymy
uPaaioeaekTpoHika Ta moaoab ¥ 21 cToaittin 36. martepiaaie dpopymy 1.5 — Xapkie.:
XHYPE — 16-18 ksitHa 2019. c. 41-42.
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